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Abstract

Purpose Several retrospective studies have shown that the antitumor efficacy of capecitabine-containing chemotherapy
decreases when co-administered with a proton pump inhibitor (PPI). Although a reduction in capecitabine absorption by
PPIs was proposed as the underlying mechanism, the effects of PPIs on capecitabine pharmacokinetics remain unclear. We
prospectively examined the effects of rabeprazole on the pharmacokinetics of capecitabine and its metabolites.

Methods We enrolled patients administered adjuvant capecitabine plus oxaliplatin (CapeOX) for postoperative colorectal
cancer (CRC) patients and metastatic CRC patients receiving CapeOX with/without bevacizumab. Patients receiving a PPI
before registration were allocated to the rabeprazole group, and the PPI was changed to rabeprazole (20 mg/day) at least
1 week before the initiation of capecitabine treatment. On day 1, oral capecitabine (1000 mg/m?) was administered 1 h after
rabeprazole intake. Oxaliplatin (and bevacizumab) administration on day 1 was shifted to day 2 for pharmacokinetic analysis
of the first capecitabine dose. Plasma concentrations of capecitabine, 5'-deoxy-5-fluorocytidine, 5'-deoxy-5-fluorouridine,
and 5-fluorouracil were analyzed by high-performance liquid chromatography. Effects of rabeprazole on inhibition of cell
proliferation by each capecitabine metabolite were examined with colon cancer cells (COLO205 and HCT116).

Results Five and 9 patients enrolled between September 2017 and July 2018 were allocated to rabeprazole and control groups,
respectively. No significant effects of rabeprazole on area under the plasma concentration—time curve divided by capecitabine
dose for capecitabine and its three metabolites were observed. Rabeprazole did not affect the proliferation inhibition of colon
cancer cells by the respective capecitabine metabolites.

Conclusion Rabeprazole does not affect capecitabine pharmacokinetics.

Keywords Capecitabine - Capecitabine metabolites - Proton pump inhibitor - Rabeprazole - Pharmacokinetics - Colorectal
cancer

Introduction
Electronic supplementary material The online version of this Capecitabine is a prodrug that is metabolized to its active
article (https://doi.org/10.1007/s00280-019-03837-y) contains form, 5-fluorouracil (5-FU), in three enzymatic steps. After
supplementary material, which is available to authorized users. oral administration, capecitabine is first metabolized by the

liver or intestinal carboxylesterase to form 5'-deoxy-5-flu-
orocytidine (5'-DFCR). It is then converted to 5'-deoxy-
5-fluorouridine (5'-DFUR) by cytidine deaminase expressed
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Especially, combination chemotherapy of capecitabine with
oxaliplatin (CapeOX) has been proven to be highly effective
for adjuvant treatment of CRC as well as for the treatment of
metastatic CRC [3-5].

TRIO-013/Logic study is a randomized phase III trial
that examined the effects of administering CapeOX plus
lapatinib in patients with HER2-positive advanced gastroe-
sophageal adenocarcinoma [6]. Although the addition of
lapatinib to CapeOX did not increase overall survival (OS),
a subset analysis of the study revealed that co-administrating
proton pump inhibitor (PPI) decreased the antitumor effi-
cacy of CapeOX [7]. In the placebo arm of the TRIO-013/
Logic study, PPI-treated patients had poorer median pro-
gression-free survival (PFS), OS, and disease control rate
than patients who were not treated with a PPI. A multivari-
ate analysis also showed the poorer PFS and OS in patients
with PPI treatment. In patients treated with CapeOX and
lapatinib, multivariate analysis demonstrated a significantly
shorter OS in PPI-treated patients; nonetheless, PPIs had
less effect on PFS. In another retrospective study investigat-
ing the effect of PPIs on the efficacy of adjuvant capecit-
abine monotherapy in patients with early-stage (Stage I-11II)
CRC, those who received both capecitabine and PPI had sig-
nificantly poorer 5-year recurrence-free survival than those
treated with capecitabine alone [8]. Regarding the underly-
ing mechanism for the poorer clinical outcome of capecit-
abine-containing chemotherapy in patients who received
PPI, it has been proposed that the PPI-induced elevation
in gastric pH may reduce capecitabine’s dissolution in the
digestive tract which may result in a decreased absorption of
capecitabine via epithelial cells in the small intestine. This
eventually lowers the efficacy of capecitabine chemotherapy
by decreasing the plasma concentrations of capecitabine and
its metabolites, and any further tumor concentration of 5-FU
[7, 8].

To date, the effects of PPI treatment on the pharmacoki-
netics of capecitabine and its three metabolites has not been
evaluated. Alternatively, PPIs can alter the activity of factors
involved in the pharmacodynamics of capecitabine, leading
to decrease in tumor cell death; this can result in a poor
efficacy of capecitabine treatment.

Based on this background, we prospectively examined
the effects of a PPI, rabeprazole, on the pharmacokinetics
of capecitabine and its three metabolites in patients with
postoperative CRC who were treated with adjuvant CapeOX,
or those with metastatic CRC who administered CapeOX
with or without bevacizumab. The effects of rabeprazole
on the inhibition of proliferation by the three capecitabine
metabolites were also assessed in colon cancer cell lines.
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Patients and methods
Chemicals

Capecitabine, 5'-DFUR, and 5-FU were obtained from FUJI-
FILM Wako Pure Chemical Corporation (Tokyo, Japan).
5'-DFCR and rabeprazole sodium salt were purchased from
Tokyo Chemical Industry (Tokyo, Japan), and 2'-deoxy-
2',2'-difluorouridine (dFdU) was obtained from Toronto
Research Chemicals (Toronto, Canada). All chemicals and
solvents were of the highest grade commercially available.

Patients

Eligible patients were 20 years or older with histologically
confirmed postoperative or metastatic CRC, and indicated
for treatment with a CapeOX containing regimen for an
adjuvant or metastatic setting. Eligible patients also had an
Eastern Cooperative Oncology Group performance status
of <1, a life expectancy of 3 months or longer for meta-
static CRC and no history of chemotherapy within 2 weeks.
Each patient was confirmed to have adequate bone marrow
function (neutrophil count > 1500/puL; hemoglobin>9.0 g/
dL; platelet count >75,000/puL), liver function (total bili-
rubin < 1.5 X the upper limit of normal [ULN]; alanine
transaminase and aspartate transaminase <2.0 X ULN;
and alkaline phosphatase <2.5 X ULN), and renal function
(a creatinine clearance >51 mL/min as calculated by the
Cockcroft—Gault equation) within 14 days of the initiation
of CapeOX treatment.

Study design

This was a prospective study of patients with stage III or
high-risk stage II CRC who were fully recovered after cura-
tive resection and were candidates for the administration of
CapeOX as an adjuvant chemotherapy or those with meta-
static CRC who were candidates for the administration of
CapeOX with or without bevacizumab therapy, at Showa
University Hospital. Our main objective was to examine
whether or not PPI treatment with capecitabine affects the
pharmacokinetics of capecitabine and its metabolites. We
selected 20 mg rabeprazole as PPI to be administered with
capecitabine based on the reasons described below.

The principal cytochrome P450 (CYP) isoforms involved
in the metabolism of PPIs are CYP2C19 and CYP3A4. Of
these two, genetic polymorphisms in CYP2C19 can affect its
activity in the liver and, in turn, the metabolic and pharma-
cokinetic profiles of PPIs. Thus, the acid inhibitory effects
of PPIs are dependent on CYP2C19 genotype status [9].
However, unlike other PPIs, rabeprazole is predominantly
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metabolized via a non-enzymatic reduction and metabolized
partially by CYP2C19 [9], which is the least affected by
CYP2CI9 polymorphism among PPIs. Although, the median
24-h intragastric pH values after a single oral dose of 20 mg
were significantly different among the three different geno-
types [10], intragastric pH after 8 days of repeated dosing
with 20 mg rabeprazole was not significantly affected by the
CYP2C19 genotype status [11].

Patients who received PPI therapy before registration
were assigned to the rabeprazole group. If these patients
were treated with a PPI other than rabeprazole, the PPI was
changed to rabeprazole (20 mg/day) at least 1 week prior to
the initiation of capecitabine treatment. Patients who did not
receive a PPI before the registration were assigned to the
control group. Therapeutic drugs which are known to inhibit
carboxylesterase were discontinued at least 1 week prior to
the initiation of capecitabine treatment.

The study protocol was approved by the Institutional
Review Board of Showa University. All the patients pro-
vided written informed consent to use their peripheral
blood samples and medical information for research pur-
poses. The study was registered at University Hospital
Medical Information Network-Clinical Trials Registry Japan
(UMIN000031182).

Treatment

On day 1, oral capecitabine (1000 mg/m?) was adminis-
tered twice daily. Oxaliplatin (and bevacizumab for meta-
static CRC) administration on day 1 in the first cycle was
shifted to day 2 for the pharmacokinetic analysis of the
first capecitabine dose. CapeOX consisted of a 2-h intrave-
nous infusion of oxaliplatin (130 mg/m?) on day 2 and oral
capecitabine (1000 mg/m?) twice daily on days 214 [3, 5].
For patients with metastatic CRC, if necessary, a 7.5 mg/kg
bevacizumab was also administered as a 90-min intravenous
infusion before oxaliplatin treatment on day 2 [3]. CapeOX
was repeated every 3 weeks without the shift of oxaliplatin
and bevacizumab from the second cycle.

Blood sampling for pharmacokinetic analysis

Blood samples for the pharmacokinetic analysis of capecit-
abine and its three metabolites were obtained on the first day
of the first cycle. For patients in the rabeprazole group, the
drug was administered at 8 a.m. on day 1, while the first dose
of capecitabine was administered at 9 a.m. Blood samples
were taken immediately before rabeprazole administration
and 1, 1.5, 2,3, 4, 6, 7, and 9 h after rabeprazole adminis-
tration. For patients in the control group, the first dose of
capecitabine was administered at 9 a.m. on day 1. Blood
samples were taken immediately before capecitabine admin-
istration and 0.5, 1, 2, 3, 5, 6, and 8 h after capecitabine

administration. The samples were centrifuged immediately,
and stored at — 80 °C until analysis.

Determination of capecitabine, 5'-DFCR, 5-DFUR
and 5-FU concentration

Plasma concentrations of capecitabine, 5'-DFCR, and
5'-DFUR were measured using a reverse-phase high-per-
formance liquid chromatography (HPLC) method, with
modifications [12]. Briefly, 150 pL of plasma sample was
mixed with 450 uL of acetonitrile containing 2.2 uM dFdU
(internal standard) in a vortex mixer. The mixture was then
centrifuged at 16,000xg for 10 min at 4 °C. The supernatant
was transferred to another tube and evaporated to dryness at
45 °C in an SPD1010 SpeedVac System (Thermo Fisher Sci-
entific, Waltham, MA, USA). The residue was reconstituted
in 200 pL of 10 mM sodium phosphate buffer (pH 4.8), and
a 100-uL portion was injected into an HPLC system (Hitachi
Chromaster; a 5110 pump, a 5210 autosampler, a 5310 col-
umn oven, and a 5430 diode array detector; Hitachi, Tokyo,
Japan), equipped with a C;, analytical column (Develosil
C30-UG-5, 150 x 4.6 mm; Nomura Chemical, Seto, Japan).
HPLC was carried out at 30 °C at a flow rate of 1.0 mL/min.
The mobile phase consisted of 10 mM sodium phosphate
buffer (pH 4.8) for solvent A, and 80% methanol solution for
solvent B. A 50-min run was carried out at 97% (0-9 min),
followed by a linear gradient of 97-0% (9-35 min), 0%
(35-40 min), and 97% (40-50 min) for solvent A. The eluent
was monitored at 265 nm to detect 5'-DFCR and 5’-DFUR,
and at 315 nm for capecitabine. Quantifications of capecit-
abine, 5'-DFCR, and 5’-DFUR were achieved by compar-
ing the respective peak areas on a chromatogram to that of
the internal standard, dFdU. The quantification limits were
0.156 pM. The respective intra- and inter-assay coefficients
of variation were 16.6 and 17.0% for capecitabine, 8.54 and
2.92% for 5'-DFCR, and 6.62 and 7.63% for 5'-DFUR.
Since a clear separation between the 5-FU peak and that
for the unidentified chemical(s) contained in plasma could
not be obtained using the above method, the following
modified method was used to measure the concentrations of
5-FU: 150-pL of plasma sample was mixed with 150 puL of
5% perchloric acid containing 10 pM dFdU (internal stand-
ard) in a vortex mixer. The mixture was then centrifuged at
16,000xg for 10 min at 4 °C, and a 100-uL portion of the
supernatant was injected into the HPLC system. HPLC was
carried out by using the same condition presented above,
except for the solvent gradient. A 35-min run was carried out
at 97% (0-9 min), followed by a linear gradient of 97-56%
(9—20 min), 0% (20-25 min), and 97% (25-35 min) for sol-
vent A. Quantifications of 5-FU was achieved by compar-
ing the peak area on a chromatogram to that of the internal
standard. The quantification limit was 0.125 pM, and the
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intra- and inter-assay coefficients of variation were 8.01 and
7.85%, respectively.

Pharmacokinetic parameters

The plasma concentration—-time data of capecitabine,
5'-DFCR, 5’-DFUR, and 5-FU were analyzed by using a
standard non-compartmental method with WinNonlin, ver-
sion 6.4 software (Pharsight, Mountain View, CA, USA).
Area under the plasma concentration—time curve (AUC,
UMeh) of capecitabine, 5'-DFCR, 5’-DFUR and 5-FU from
time zero to the last sampling time was calculated with the
linear trapezoidal rule (to peak plasma concentration) and
linear-log trapezoidal rule (to the last quantifiable concentra-
tion). Capecitabine oral clearance (CL/F, L/h) was obtained
by dividing the single capecitabine dose (pmol/body, calcu-
lated based on the molecular weight, 359.35) by the AUC,
with extrapolation to infinity (Dose/AUC).

Toxicity evaluation

Clinical and laboratory adverse events were classified based
on the Common Terminology Criteria for Adverse Events,
version 4.0. All patients who received at least one cycle of
chemotherapy with CapeOX were deemed assessable for
toxicity.

CYP2C19 genotyping

Genomic DNA was extracted from 200 puL of peripheral
blood stored at — 80 °C using a QIAamp Blood Kit (QIA-
GEN GmbH, Hilden, Germany).

Two polymorphisms (CYP2CI19%2, rs4244285;
CYP2C19%*3, rs4986893) were examined by direct DNA
sequencing. CYP2C19 gene fragments containing these pol-
ymorphic sites were amplified via polymerase chain reaction
(PCR) using the methods of Morais et al. [13, 14] with some
modifications. The following primers were used for PCR:
CYP2C19%2, forward 5'-TAT AGT TTT AAA TTA CAA
CCA GAG GTT GGC-3' and reverse 5'-CTC CAA AAT
ATC ACT TTC CAT AAA AGC AAG-3'; CYP2C19%*3,
forward 5'-TGT GAT CTG CTC CAT TAT TTT CCA G-3'
and reverse 5'-AAA GAC TGT AAG TGG TTT CTC AGG
AAG-3'. PCR was carried out using the following cycling
conditions: initial denaturation, 95 °C for 10 s; annealing,
55 °C for 30 s; and extension, 72 °C for 30 s (number of
cycles=35). PCR products were purified and sequenced.

Helicobacter pylori infection and atrophic gastritis
evaluations

Using an enzyme immunoassay, we examined Helicobac-
ter pylori (H. pylori) infection by measuring the serum
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immunoglobulin G antibodies to H. pylori [15]. Atrophic
gastritis was evaluated by medical oncologists based on the
concentrations of serum pepsinogen I and II measured with
latex agglutination (BML, Tokyo, Japan).

Cell lines and cultures

COLO0205 and HCT116 colon cancer cell lines were used.
COLO205 cells were gifted from Prof. Kiyoshi Nose (Showa
University, Tokyo Japan) and cultured with RPMI 1640 sup-
plemented with 10% heat-inactivated fetal bovine serum
(Thermo Scientific, Waltham, MA, USA), and maintained
in a 5% CO, incubator at 37 °C under humidified conditions.
HCT116 cells were purchased from RIKEN Bio Resource
Center (Ibaraki, Japan) and cultured with DMEM supple-
mented with 10% fetal bovine serum and maintained in a 5%
CO, incubator at 37 °C under humidified conditions.

Cell proliferation assay

COLO0205 cells (5 x 10%/well) and HCT116 cells (3 x 10/
well) were seeded in 96-well plates and incubated for 24 h,
followed by continuous exposure to the indicated concentra-
tions of rabeprazole, 5'-DFCR, 5'-DFUR, and 5-FU for 72 h.
Cell Counting Kit-8 (CCK) (Dojindo Molecular Technolo-
gies, Kumamoto, Japan) was added to each well, and cells
were incubated for additional 4 h [16]. The absorbance was
measured with Appliskan Multimode Microplate Reader
(Thermo Scientific, Waltham, MA, USA) at 490 nm.

Statistical analysis

Fisher’s exact test or Chi-square test was used to compare
patient characteristics between the rabeprazole and control
groups, whereas the Wilcoxon test was used to compare the
pharmacokinetic parameters of capecitabine and its three
metabolite between the rabeprazole and control groups. Dif-
ferences in cell viability with or without the addition of each
capecitabine metabolite were analyzed by Tukey—Kramer
HSD test. Two-tailed P values less than 0.05 were consid-
ered statistically significant. All analyses were performed
using the JMP software, version 14.0 (SAS Institute, Cary,
NC, USA).

Results

Patient characteristics

From September 2017 to July 2018, 14 patients were
assessed for their eligibility to participate in this study.

Five patients who received PPI and 9 patients who did not
receive PPI were allocated to the rabeprazole and control
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groups, respectively. Table 1 shows the characteristics of
patients enrolled in this study. No differences in age and
gender distribution were observed in the rabeprazole and
control groups. Renal and liver functions were normal in
all patients, and did not differ between the rabeprazole and
control groups. All patients with metastatic CRC received
CapeOX or CapeOX plus bevacizumab as first line chemo-
therapy. Two and one patients in the rabeprazole and control
groups, respectively, were administered CapeOX plus beva-
cizumab. The distribution of CYP2C19 genotypes did not
significantly differ between the two groups.

Effect of rabeprazole on the pharmacokinetics
of capecitabine and its three metabolites

Figure 1 depicts the pharmacokinetic profiles of capecit-
abine, 5'-DFCR, 5’-DFUR, and 5-FU in the rabeprazole and
control groups. Inter-individual variability was observed in
the pharmacokinetic profiles of these compounds; however,
as shown in Table 2, there were no significant effects of rabe-
prazole on the AUC, CL/F, time to maximum plasma con-
centration (7},,,), maximum plasma concentration (C
and elimination half-life (¢,,,) of capecitabine. In addition,
rabeprazole did not affect the pharmacokinetic parameters
of 5'-DFCR, 5’-DFUR and 5-FU (Table 2). Because the sin-
gle capecitabine dose was dependent on the body surface
area of patients (1500 or 1800 mg; Table 1), AUC values

max)’

of capecitabine and its three metabolites were divided by
the dose. The effects of rabeprazole on the pharmacokinetic
parameter were then examined, but we found no significant
effects of rabeprazole on the AUC divided by capecitabine
dose (Fig. 2).

Toxicity

Hand-foot syndrome and diarrhea are frequently observed
in patients treated with capecitabine [3, 5, 17, 18]. These
adverse reactions were observed in patients in the control
group. Five patients (56%) had grade 1 hand-foot syndrome,
and 3 patients (33%) suffered from grade 1 and 2 diarrhea
(2, grade 1; 1, grade 2). Grade 1 neuropathy, possibly due to
oxaliplatin treatment was observed in 60 and 78% of patients
in the rabeprazole and control groups, respectively. Grade
3 anorexia was observed in one patient in the rabeprazole
group. Although one patient in the rabeprazole group had
grade 3 hypertension, this adverse event was considered to
be due to the co-administration of bevacizumab.

Effects of rabeprazole on the inhibition of cell
proliferation by capecitabine metabolites

Effects of rabeprazole on the inhibition of cell proliferation
by 5’-DFCR, 5’-DFUR and 5-FU were examined with colon
cancer cells (COLO205 and HCT116). COLO205 cells

Table 1 Patient characteristics

Rabeprazole (N=5) Control (N=9) P
Age (years) 69 (53-79)* 63 (52-72)* 0.316°
Gender
Male/female 4/1 5/4 0.580°
Performance status
0/1 4/1 8/1 1.00°
Creatinine (mg/dL) 0.79 (0.56-0.86)* 0.75 (0.55-0.84)* 0.505°

Creatinine clearance (mL/min)° 73.1 (70.0-121)* 80.8 (52.1-124)* 0.424°
Total bilirubin (mg/dL) 0.7 (0.4-0.9)* 0.7 (0.3-0.9)* 0.946°
Regimen

Adjuvant setting/metastatic setting 2/3 6/3 0.580°

CapeOX/CapeOX plus bevacizumab 3/2 8/1 0.506°
Single dose of capecitabine (mg/body)

1500/1800 2/3 4/5 1.00°
CYP2C19 genotype

#1/%] 1 3 0.823¢

*1/%2, or *1/*3 3 5

*2/%2, *#3/%3, or *¥2/%3 1

*Median (range)
"Wilcoxon test
Fisher’s exact test

dChi-square test

®Creatinine clearance was calculated with the Cockcroft-Gault equation
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Fig. 1 Plasma concentration—time profiles of capecitabine, 5-DFCR,
5-DFUR, and 5-FU. Plasma concentration—time profile of each
compound was derived from patients in the rabeprazole and control
groups. Each color in the profile for the rabeprazole group shown in
a, ¢, e, and g represents the same patient. Each color in the profile
for the control group depicted in b, d, f, and h represents the same
patient

were exposed to the half-maximal inhibitory concentration
(ICs) of 5'-DFCR (1000 uM), 5'-DFUR (127 uM), or 5-FU
(3.1 uM) for proliferation of COLO205 cells [2]. HCT116
cells were exposed to the ICs, of 5'-DFCR (830 puM),
5'-DFUR (39 uM), or 5-FU (3.7 uM) to examine prolifera-
tion of HCT116 cells [2]. A 1 uM concentration of rabepra-
zole was added to these cells; this value is approximately
equal to the average maximum plasma concentration in clini-
cal practice (20 mg/day of rabeprazole) [10, 11]. As shown
in Fig. 3, we did not observe any significant effects of rabe-
prazole on the inhibition of cell proliferation by 5'-DFCR,
5'-DFUR, and 5-FU.

Discussion

Several retrospective studies have demonstrated that co-
administrating a PPI with capecitabine decreases the
antitumor efficacy or reduces the survival advantage of
capecitabine monotherapy or CapeOX in patients with

@ Springer

Table 2 Pharmacokinetic parameters in the rabeprazole and control

groups

Rabeprazole (N=5) Control (N=9) P

Capecitabine

AUC (uM h) 13.5+2.7 14.0+5.2 0.947

CL/F (L/h) 352+56 380+ 160 0.842

T ax () 1.50+0.71 1.33+0.66 0.664

Crax (M) 897+5.4 10.1+6.0 0.641

flf/z (h) 0.670+0.24 0.630+0.28 0.394
5'-DFCR

AUC (uM h) 44.6+16 43.6+20 0.641

T ax () 1.80+0.84 1.83+0.71 0.882

Crax (M) 18.7+£7.2 21.7+15 0.947

t1 (h) 0.829+0.14 0.776 +£0.20 0.317
5'-DFUR

AUC (uM h) 445+15 41.6+19 0.947

T ax () 2.00+£0.71 1.94+0.63 0.933

Crax (M) 18.5+7.7 21.8+15 0.842

tip (h) 0.858 +0.21 0.717+0.14 0.257
5-FU*¢

AUC (uM h) 1.23+0.67 1.36+0.56 0.463

Trax () 1.80+0.84 1.72+0.75 0.885

Crax (M) 0.701+0.45 0.862+0.61 0.739

Values represent mean + SD
“Wilcoxon test

%%, values of capecitabine were calculated when the elimination
phase was represented by more than three time points

°t,, values of 5-FU were not calculated because of the less than 3
time points in the elimination phase

gastroesophageal adenocarcinoma or CRC in adjuvant or
metastatic setting [7, 8, 19]. Hence, authors of these reports
propose that PPI-induced elevation of gastric pH may reduce
the dissolution of capecitabine in the digestive tract which
may result in decreased capecitabine absorption via epi-
thelial cells in the small intestine. Our present prospective
pharmacokinetic study revealed that co-administrating PPI,
rabeprazole, with capecitabine did not significantly affect the
pharmacokinetics of capecitabine as well as its three metab-
olites (Table 2 and Fig. 2), indicating that pharmacokinetic
drug—drug interaction does not exist between capecitabine
and rabeprazole. Retrospective studies without pharma-
cokinetic analyses of capecitabine could have limitations to
examine such pharmacokinetics-related drug—drug interac-
tions. This is because one might not be able to correctly
evaluate the time of PPI intake, particularly in relation to
the time of capecitabine intake was not necessarily able to
be correctly evaluated [7, 8, 19]. As discussed by Hussaarts
et al. [20], this is of importance because PPIs show a delayed
onset of action and only reach their maximum elevation in
intragastric pH around 3-4 h after administration. To add,
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= 120 1 (b) capecitabine dose in the 5 patients administered rabeprazole
8 100 F M and the 4 patients in the control with both H. pylori infec-
c . . s .
S gt tion and atrophic gastritis did not differ from the 4 control
é 60 patients without H. pylori infection and atrophic gastritis,
g respectively (Supplementary Tables 1 and 2, respectively).
2 40T This result supports our finding that the elevation of gastric
% 20 fF ﬂ pH by the intake of rabeprazole was associated, to a minor
14 extent, with the pharmacokinetics of capecitabine and its

Control 5-DFCR 5-DFUR  5-FU

Fig.3 Effects of rabeprazole on the inhibition of proliferation of
a COLO205 cells and b HCT11 cells by 5'-DFCR, 5'-DFUR, and
5-FU. White bars represent the data obtained without the addition of
rabeprazole, and black bars indicate data obtained by adding 1 uM
rabeprazole. Absorbance for the control experiments without the
addition of rabeprazole is defined as 100%. Data are expressed as
mean + SD (N=6-9)

the elevation of intragastric pH by PPIs is only present for
approximately 12 h of duration, which theoretically makes it
possible to combine these agents with either fewer or larger
effects on the exposure to capecitabine.

Helicobacter pylori infection has been reported to fre-
quently induce elevation in gastric pH levels [21]. The

three metabolites.

Although the therapeutic drugs known to inhibit car-
boxylesterase were discontinued at least 1 week prior to
the initiation of capecitabine treatment, 2 patients in the
control group were, respectively, administered candesartan
for hypertension at 0.5 h prior to capecitabine intake and
oseltamivir, prophylactically, for influenza at 1 h prior to the
capecitabine treatment; these drugs are known substrates of
carboxylesterase 1 [23, 24]. To our knowledge, information
regarding the ability of these drugs to inhibit the catalytic
activity of carboxylesterase 1 does not exist. Therefore, we
evaluated the effects of these drugs on carboxylesterase-
mediated transformation of capecitabine to its metabolites
by calculating the ratio of AUC/dose for capecitabine to
that for metabolites calculated by adding the values for
5'-DFCR, 5’-DFUR, and 5-FU (metabolic ratio). The ratio
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for the 7 patients who were not taking any medication was
0.175+0.089, but a higher ratio was found for the patient
who received candesartan (0.275). The patient adminis-
tered oseltamivir had a ratio of 0.124, which is within the
average + SD for the 7 patients. These results suggest that
candesartan and oseltamivir have minimal effects on the
carboxylesterase-mediated capecitabine metabolism in the
control patients of our study.

We also found that the inhibition by 5’-DFCR, 5-DFUR
or 5-FU against the proliferation of colon cancer cells,
COLO205 and HCT116, was not affected by the addition
of clinically relevant concentration of rabeprazole (Fig. 3).
Taking all of our findings into account, the poorer effective-
ness of the capecitabine-related regimen in patients admin-
istered PPI observed in previous retrospective studies are
necessary to be prospectively confirmed with pharmacoki-
netic analysis.

In conclusion, we clarified that the co-administration of
rabeprazole with capecitabine did not affect the pharma-
cokinetics of capecitabine and its 3 metabolites, 5'-DFCR,
5'-DFUR, and 5-FU. We also found that rabeprazole does
not affect the inhibition of colon cancer cell proliferation
by the addition of the respective capecitabine metabolites.
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